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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the effect of improving fuel 
consumption by internal EGR without worsening the combustion state of 
an internal combustion engine. 

SOLUTION: An intake valve and an exhaust valve of the internal 
combustion engine are respectively provided with variable valve timing 
devices. In a low- rotation low-load region (but in a higher load region 
than idling time), exhaust valve early closing control is executed to close 
the exhaust valve at earlier timing than the intake top dead center, thus 
confining combustion gas remaining in a cylinder. Further, the opening 
timing of the intake valve is set to almost the intake top dead center or 
slower timing to compress residual gas in the cylinder by a piston in a 
period from the closing of the exhaust valve to the intake top dead center, 
thus heightening the temperature in the cylinder. A mixture can thereby 
be taken into the cylinder in the state of the temperature in the cylinder 
being higher than that of the internal EGR based on a conventional valve 
overlap, so that the atomization of fuel in the cylinder is improved to 
stabilize the combustion state. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the adjustable valve timing control unit of the internal combustion engine characterized by carrying out 
exhaust air bulb ****** control by which the aforementioned valve timing control means control the valve-closing 
timing of the aforementioned exhaust air bulb to a tooth-lead-angle side rather than an inhalation top dead center in the 
adjustable valve timing control unit of the internal combustion engine equipped with the adjustable valve timing 
equipment which carries out adjustable [ of the valve timing of the exhaust air bulb of an internal combustion engine ], 
and the valve timing control means which control this adjustable valve timing equipment. 

[Claim 2] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 
combustion engine according to claim 1 characterized by carrying out the aforementioned exhaust air bulb ****** 
control in partial load operation. 

[Claim 3] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 
combustion engine according to claim 1 or 2 characterized by controlling the exhaust air bulb valve-closing timing 
under aforementioned exhaust air bulb ****** control to a tooth-lead-angle side rather than the exhaust air bulb valve- 
closing timing under idle operation. 

[Claim 4] The aforementioned adjustable valve timing equipment is an adjustable valve timing control unit of the 

internal combustion engine according to claim 1 to 3 characterized by consisting of phase adjustable mechanisms 

which carry out adjustable [ of the phase of the valve timing of the aforementioned exhaust air bulb ]. 

[Claim 5] The aforementioned adjustable valve timing equipment is an adjustable valve timing control unit of the 

internal combustion engine according to claim 1 to 3 characterized by consisting of working-angle adjustable 

mechanisms which carry out adjustable [ of the working angle of the aforementioned exhaust air bulb ]. 

[Claim 6] The aforementioned internal combustion engine is the adjustable valve timing control unit of the internal 

combustion engine according to claim 1 to 5 characterized by controlling the air-fuel ratio of a gaseous mixture rather 

than theoretical air fuel ratio in a cylinder at a RIN side. 

[Claim 7] The aforementioned internal combustion engine is the adjustable valve timing control unit of the internal 
combustion engine according to claim 6 characterized by consisting of cylinder-injection-of-fiiel formula engines 
which inject fuel in a cylinder. 

[Claim 8] The aforementioned internal combustion engine is the adjustable valve timing control unit of the internal 
combustion engine according to claim 6 characterized by consisting of diesel power plants. 

[Claim 9] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 
combustion engine according to claim 1 to 8 characterized by controlling the exhaust air bulb valve-closing timing 
under aforementioned exhaust air bulb ****** control based on engine rotational speed and a load. 
[Claim 10] It is each the adjustable valve timing control unit of the internal combustion engine according to claim 1 to 
9 which is equipped with adjustable valve timing equipment and characterized by the aforementioned valve timing 
control means controlling the valve-opening timing of the aforementioned inhalation-of-air bulb rather than an 
abbreviation inhalation top dead center or it during the aforementioned exhaust air bulb ****** control at an angle-of- 
delay side in both the inspired air flow path of an internal combustion engine, and an exhaust side. 
[Claim 1 1] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 
combustion engine according to claim 10 characterized by controlling the valve-closing timing of the aforementioned 
inhalation-of-air bulb rather than a bottom dead point during the aforementioned exhaust air bulb ****** control at a 
tooth-lead-angle side. 

[Claim 12] the aforementioned valve timing control means - an idle - on stream - the valve-closing timing of the 
aforementioned exhaust air bulb ~ an abbreviation inhalation top dead center - controlling - a low load - on stream - 
the aforementioned exhaust air bulb ****** control - carrying out ~ an inside load and a heavy load - the adjustable 
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valve timing control unit of the internal combustion engine according to claim 1 to 1 1 characterized by controlling the 
valve-closing timing of the aforementioned exhaust air bulb to an angle-of-delay side rather than an abbreviation 
inhalation top dead center or it on stream 

[Claim 13] It is each the adjustable valve timing control unit of the internal combustion engine according to claim 1 to 
12 characterized by having adjustable valve timing equipment, and for the aforementioned valve timing control means 
controlling the valve-opening timing of the aforementioned inhalation-of-air bulb rather than an abbreviation inhalation 
top dead center or it in partial load operation at an angle-of-delay side, and controlling the valve-opening timing of the 
aforementioned inhalation-of-air bulb rather than an inhalation top dead center during full load running at a tooth-lead- 
angle side in both the inspired air flow path of an internal combustion engine, and an exhaust side. 
[Claim 14] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 
combustion engine according to claim 13 characterized by controlling the valve-closing timing of the aforementioned 
inhalation-of-air bulb to a tooth-lead-angle side rather than a bottom dead point according to reduction in a load, and 
controlling the valve-closing timing of the aforementioned inhalation-of-air bulb rather than a bottom dead point 
during full load running at an angle-of-delay side into partial load operation. 

[Claim 15] Adjustable valve timing equipment which carries out adjustable [ of the valve timing of the exhaust air bulb 
of an internal combustion engine ]. Valve timing control means which control this adjustable valve timing equipment. 
It is the adjustable valve timing control unit of the internal combustion engine equipped with the above, and the 
aforementioned valve timing control means are characterized by switching the exhaust air bulb ****** control which 
controls the valve-closing timing of the aforementioned exhaust air bulb to a tooth-lead-angle side rather than an 
inhalation top dead center, and the exhaust air bulb ****** control which controls the valve-closing timing of the 
aforementioned exhaust air bulb to an angle-of-delay side rather than an inhalation top dead center according to a load. 
[Claim 16] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 
combustion engine according to claim 15 characterized by carrying out the aforementioned exhaust air bulb ****** 
control during heavy load operation. 

[Claim 17] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 

combustion engine according to claim 15 or 16 characterized by controlling the valve-closing timing of the 

aforementioned exhaust air bulb during idle operation in an abbreviation inhalation top dead center. 

[Claim 18] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 

combustion engine according to claim 15 to 17 characterized by switching the aforementioned exhaust air bulb ****** 

control and the aforementioned exhaust air bulb ****** control based on engine rotational speed. 

[Claim 19] The aforementioned valve timing control means are the adjustable valve timing control units of the internal 

combustion engine according to claim 18 characterized by carrying out the aforementioned exhaust air bulb ****** 

control during high rotation operation. 

[Claim 20] The aforementioned valve timing control means are the adjustable valve timing control units of an internal 
combustion engine to the claim 15 characterized by switching to the aforementioned exhaust air bulb ****** control at 
the time of knocking generating, or controlling the valve-closing timing of the aforementioned exhaust air bulb to an 
angle-of-delay side, or either of 19. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the adjustable valve timing control unit of the 
internal combustion engine equipped with the adjustable valve timing equipment which carries out adjustable [ of the 
valve timing of the exhaust air bulb of an internal combustion engine ]. 
[0002] 

[Description of the Prior Art] In recent years, in the internal combustion engine carried in vehicles, what adopted 
adjustable valve timing equipment for the purpose of the improvement in an output, mpg reduction, and exhaust air 
emission reduction is increasing. There is much adjustable valve timing equipment put in practical use now, and it is 
carrying out the tooth lead angle of the valve timing of an inhalation-of-air bulb at the time of a partial load, and 
increasing the amount of bulb overlap, and is made what controls the amount of tooth lead angles of the valve timing 
of an inhalation-of-air bulb make the amount of internal EGRs (the amount of residual gas) increase, reduce pumping 
loss, and to raise mpg. 
[0003] 

[Problem(s) to be Solved by the Invention] However, a combustion state gets worse, if the amount of bulb overlap is 
enlarged and the amount of internal EGRs is made [ many ], since introduction of the inhalation air into a cylinder will 
be barred by spitting to the inspired air flow path of residual gas, exhaust air emission gets worse or there is a 
possibility that engine vibration may increase and drivability may get worse during low load operation with few 
inhalation air contents. For this reason, conventionally, in the system, at the time of low load operation, it will be 
necessary to give priority to combustion stability, the internal EGR needed to be lessened, and the operating range 
which can improve mpg by the internal EGR will be restricted more than an inside load, and it had the fault that the 
part and the improvement effect in mpg decreased. 

[0004] this invention is made in consideration of such a situation, therefore the purpose can acquire the effect of the 
improvement in mpg by the internal EGR, without causing aggravation of a combustion state also in the time of low 
load operation, and is to offer the adjustable valve timing control unit of the internal combustion engine which can 
raise all of mpg, exhaust air emission, and drivability. 
[0005] 

[Means for Solving the Problem] As for the internal EGR by the conventional bulb overlap, it caused [ one ] an 
inflammable fall that the residual gas in a cylinder (internal-EGR gas) is mixed with inhalation air, and the temperature 
in a cylinder falls at the time of bulb overlap. 

[0006] In consideration of this point, the adjustable valve timing control unit of the internal combustion engine of the 
claim 1 of this invention is carrying out exhaust air bulb ****** control which controls the valve-closing timing of an 
exhaust air bulb by valve timing control means to a tooth-lead-angle side rather than an inhalation top dead center, and 
an internal EGR is realized, without using bulb overlap. Like this invention, if an exhaust air bulb is closed to timing 
earlier than an inhalation top dead center, the combustion gas which remains in a cylinder will be shut up in a cylinder, 
and will turn into internal-EGR gas. Under the present circumstances, it can compress the residual gas in a cylinder at a 
piston in the period from the valve-closing timing of an exhaust air bulb to an inhalation top dead center (or valve- 
opening timing of an inhalation-of-air bulb), and can raise the temperature of residual gas while it can prevent the 
temperature fall of the residual gas by the incorporation of inhalation air unlike the internal EGR by the conventional 
bulb overlap, since an inhalation-of-air bulb is maintained by the state where residual gas shut up and after was closed 
for a while. Therefore, in this invention, even if it carries out an internal EGR (exhaust air bulb ****** control) at the 
time of low load operation, where temperature in a cylinder is made into an elevated temperature rather than the 
conventional internal EGR, a gaseous mixture can be taken in in a cylinder, the atomization of the fuel within a 
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cylinder can be raised, and a combustion state can be stabilized. Even if it carries out an internal EGR (exhaust air bulb 
****** control) at the time of low load operation, while being able to prevent the emission aggravation by combustion 
aggravation by this, engine vibration can be reduced, drivability can be improved and, moreover, mpg can be improved 
according to the synergistic effect of the stabilization and the internal EGR of a combustion state. 
[0007] In this case, it is good like a claim 2 to carry out exhaust air bulb ****** control in partial load operation. Since 
there are few inhalation air contents and a residual-gas rate becomes high compared with the time of full load running, 
although flammability falls in the conventional internal EGR, if the inside of partial load operation carries out exhaust 
air bulb ****** control, it can raise mpg, being able to take in a gaseous mixture in a cylinder, where temperature in a 
cylinder is made into an elevated temperature rather than the conventional internal EGR, stabilizing a combustion state, 
and preventing aggravation of a flame failure or drivability. 

[0008] Moreover, it is good like a claim 3 to set the exhaust air bulb valve-closing timing under exhaust air bulb 
****** control to a tooth-lead-angle side rather than the exhaust air bulb valve-closing timing under idle operation. If 
it puts in another way, it is good to set the exhaust air bulb valve-closing timing under idle operation to an angle-of- 
delay side rather than the exhaust air bulb valve-closing timing under exhaust air bulb ****** control. That is, if valve- 
closing timing of the exhaust air bulb under idle operation is made later than under exhaust air bulb ****** control in 
order that the amount of residual gas shut up in a cylinder may decrease so that the valve-closing timing of the exhaust 
air bulb under exhaust air bulb ****** control becomes late, the residual-gas rate under idle operation will become less 
than the residual-gas rate under exhaust air bulb ****** control. During idle operation, since an inhalation air content 
is extracted to the minimum, while a combustion state can be stabilized by the direction with few residual-gas rates, it 
can stabilize idle rotation and can reduce the vibration at the time of an idle, the discharge of the unburnt component at 
the time of an idle can also be reduced. 

[0009] Moreover, adjustable valve timing equipment may consist of phase adjustable mechanisms which carry out 
adjustable [ of the phase of the valve timing of an exhaust air bulb ] like a claim 4. If it does in this way, exhaust air 
bulb ****** control can be carried out by the low cost now using the phase adjustable mechanism currently mass- 
produced. 

[0010] However, if exhaust-air bulb ****** control is carried out by the phase adjustable mechanism, before only in 
the same amount of tooth lead angles as the tooth lead angle of the valve-closing timing of an exhaust air bulb being 
carried out the end stage of an expansion stroke is rash in it since the tooth lead angle also of the valve-opening timing 
of an exhaust air bulb will be carried out, and combustion gas works to the last, exhaust air will be started, and the part 
and the improvement effect in mpg will fall. 

[001 1] Then, adjustable valve timing equipment may consist of working-angle adjustable mechanisms which carry out 
adjustable [ of the working angle of an exhaust air bulb ] like a claim 5. If it does in this way, since the tooth lead angle 
only of the valve-closing timing can be carried out without changing most valve-opening timing of an exhaust air bulb, 
the end stage of an expansion stroke cannot be rash, it can prevent that the effective work of combustion gas decrease, 
and mpg can be improved effectively. 

[0012] this invention may apply the air-fuel ratio of a gaseous mixture to the internal combustion engine which is 
operated by theoretical air fUel ratio and which is controlled to a RIN side rather than theoretical air fuel ratio in a 
cylinder like a claim 6, although you may usually apply to an engine. A NOx discharge can be reduced, while being 
able to expand the RIN limit of inflammability of a gaseous mixture to a RIN side in a cylinder and being able to 
improve the part and mpg with stabilization of the combustion state by exhaust air bulb ****** control. 
[0013] Moreover, although this invention may be applied to a common suction-port injection formula engine (a lean 
burn engine is included), you may make it apply it to the cylinder-injection-of-fiiel formula engine which injects fuel in 
a cylinder like a claim 7. a cylinder-injection-of-fuel formula engine — a near ignition plug - fuel — injecting - 
stratification - in order to form a gaseous mixture and to carry out stratification combustion, even if it makes [ more ] 
the amount of internal EGRs than a suction-port injection formula engine, there is an advantage which can carry out 
stable combustion However, near the inhalation top dead center, in order to make a compression ratio high, the 
cylinder-injection-of-fuel formula engine is designed so that a piston upper-limit side may carry out remarkable 
approach on the upper surface of a combustion chamber. For this reason, in the internal-EGR control by the 
conventional bulb overlap, if the angle of delay of the valve-closing timing of an exhaust air bulb was carried out too 
much or the tooth lead angle of the valve-opening timing of an inhalation-of-air bulb was carried out too much, since 
an exhaust air bulb and an inhalation-of-air bulb would collide with a piston near an inhalation top dead center, the 
amount of internal EGRs was not not much able to be increased. 

[0014] Since exhaust air bulb ****** control of the point and this invention controls the valve-closing timing of an 
exhaust air bulb to a tooth-lead-angle side rather than an inhalation top dead center, even if it enlarges the amount of 
tooth lead angles and makes [ many ] the amount of residual gas, it can avoid that an exhaust air bulb collides with a 
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piston. Therefore, if exhaust air bulb ****** control is carried out with a cylinder-injection-of-fuel formula engine, it 
becomes possible to make [ more ] the amount of residual gas than before, and the temperature in a cylinder can be 
raised, flammability can be raised, and the discharge of an unburnt component can be reduced. 

[0015] Moreover, you may make it apply this invention to a diesel power plant like a claim 8. The compression ratio of 
a diesel power plant is still higher than a cylinder-injection-of-fuel formula engine, although the problem of a collision 
of ** and an exhaust air bulb, and a piston was not able to increase the amount of internal EGRs by the conventional 
method, the amount of residual gas is increased also by the diesel power plant by exhaust air bulb ****** control of 
this invention, the EGR effect can be heightened, and simultaneous reduction of NOx and PM (particulate matter) is 
attained. 

[0016] Moreover, you may make it control the valve timing of the exhaust air bulb under exhaust air bulb ****** 
control like a claim 9 based on engine rotational speed and a load. While being able to prevent that the amount of 
residual gas becomes excessive and exhaust air emission gets worse since the amount of residual gas under exhaust air 
bulb ****** control and the temperature in a cylinder can be rationalized according to operational status if it does in 
this way, it can prevent that the temperature in a cylinder rises too much and knocking occurs. 
[0017] Invention concerning each claim explained above cannot be overemphasized by that it is applicable also to the 
internal combustion engine which was not limited to the internal combustion engine which equipped only the exhaust 
side with adjustable valve timing equipment, but equipped both the inspired air flow path and the exhaust side with 
adjustable valve timing equipment, respectively. 

[0018] When applying this invention to the internal combustion engine which equipped both the inspired air flow path 
and the exhaust side with adjustable valve timing equipment, respectively, you may make it control the valve-opening 
timing of an inhalation-of-air bulb rather than an abbreviation inhalation top dead center or it during exhaust air bulb 
****** control like a claim 10 at an angle-of-delay side. If it does in this way, the period from the valve-closing timing 
of an exhaust air bulb to an abbreviation inhalation top dead center maintains the state where the inhalation-of-air bulb 
closed, can compress at a piston the residual gas shut up in the cylinder, can raise the temperature of residual gas, and 
can stabilize a combustion state. 

[0019] In this case, you may make it control the valve-closing timing of an inhalation-of-air bulb rather than a bottom 
dead point during exhaust air bulb ****** control like a claim 1 1 at a tooth-lead-angle side. Thus, if an inhalation-of- 
air bulb is closed to timing earlier than a bottom dead point, since an effective compression ratio will decrease and 
pumping loss will decrease, mpg can be raised. In this case, even if it decreases an effective compression ratio, 
aggravation of a combustion state can be suppressed by the combustion stabilization effect by exhaust air bulb ****** 
control. 

[0020] Moreover, like a claim 12, during idle operation, the valve-closing timing of an exhaust air bulb is controlled in 
an abbreviation inhalation top dead center, exhaust air bulb ****** control is carried out during low load operation, 
and you may make it control the valve-closing timing of an exhaust air bulb rather than an abbreviation inhalation top 
dead center or it during an inside load and heavy load operation at an angle-of-delay side. That is, during idle 
operation, during low load operation, the valve-closing timing of an exhaust air bulb is controlled to an abbreviation 
inhalation top dead center, it is making the residual-gas rate under idle operation into the minimum, and idle stability is 
secured, and exhaust air bulb ****** control is carried out, and mpg is raised, stabilizing a combustion state. However, 
in exhaust air bulb ****** control, in order to compress residual gas, the part and pumping loss increase. Then, during' 
a load while needing sufficient engine output, and heavy load operation, it is controlling the valve-closing timing of an 
exhaust air bulb to an angle-of-delay side rather than an abbreviation inhalation top dead center or it, and decreasing 
pumping loss and making an engine output increase, exhaust gas is re-inhaled in a cylinder from an exhaust air system 
in a period until an exhaust air bulb closes from an inhalation top dead center, the amount of internal EGRs is secured, 
and the improvement in mpg is planned. 

[0021] Moreover, the valve-opening timing of an inhalation-of-air bulb is controlled to an angle-of-delay side rather 
than an abbreviation inhalation top dead center or it, and you may make it control the valve-opening timing of an 
inhalation-of-air bulb rather than an inhalation top dead center during full load running in partial load operation like a 
claim 13 at a tooth-lead-angle side in the internal combustion engine which equipped both the inspired air flow path 
and the exhaust side with adjustable valve timing equipment, respectively. That is, the inside of partial load operation 
gives priority to combustion stability or the improvement in mpg, and opens an inhalation-of-air bulb after an 
inhalation top dead center. Thereby, the inside of partial load operation is maintaining the state the inhalation-of-air 
bulb's having closed, compressing the residual gas in a cylinder at a piston, and raising the temperature in a cylinder in 
the period from the valve-closing timing of an exhaust air bulb to an inhalation top dead center, and raises combustion 
stability and mpg. On the other hand, since it is necessary to incorporate a lot of inhalation air in a cylinder during full 
load running, it opens an inhalation-of-air bulb before an inhalation top dead center, starts incorporation of the 
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inhalation air into a cylinder at an early stage as much as possible, makes an inhalation air content increase, and 
heightens an engine output. 

[0022] Furthermore, in partial load operation, the valve-closing timing of an inhalation-of-air bulb is controlled rather 
than a bottom dead point at a tooth-lead-angle side according to reduction in a load, and you may make it control the 
valve-closing timing of an inhalation-of-air bulb rather than a bottom dead point during full load running like a claim 
14 at an angle-of-delay side. That is, the inside of partial load operation is closing an inhalation-of-air bulb to timing 
earlier than a bottom dead point, and decreasing an effective compression ratio, decreases pumping loss and raises 
mpg. On the other hand, it is closing an inhalation-of-air bulb to timing later than a bottom dead point during full load 
running, and a bottom dead point or later is filled up with inhalation air in a cylinder according to inertia, it makes an 
inhalation air content increase, and it heightens an engine output for it. 

[0023] You may make it, switch the exhaust air bulb ****** control which controls the valve-closing timing of an 
exhaust air bulb to a tooth-lead-angle side rather than an inhalation top dead center, and the exhaust air bulb ****** 
control which controls the valve-closing timing of an exhaust air bulb to an angle-of-delay side rather than an 
inhalation top dead center like a claim 15 on the other hand according to a load. For example, in a low load field, it is 
good to carry out exhaust air bulb ****** control, to raise mpg, stabilizing a combustion state, to carry out exhaust air 
bulb ****** control, to decrease pumping loss in the load field beyond it, and to make it make an engine output 
increase. 

[0024] In this case, it is good like a claim 16 to carry out exhaust air bulb ****** control during heavy load operation. 
As mentioned above, since pumping loss increases in exhaust air bulb ****** control, it is good during heavy load 
operation to carry out exhaust air bulb ****** control, to decrease pumping loss, and to secure an engine output. 
[0025] Moreover, during idle operation, it is good like a claim 17 to control the valve-closing timing of an exhaust air 
bulb to an abbreviation inhalation top dead center. If it does in this way, during idle operation, a residual-gas rate can 
be made into the minimum and idle stability can be secured. 

[0026] Furthermore, you may make it switch exhaust air bulb ****** control and exhaust air bulb ****** control like 
a claim 18 based on engine rotational speed. For example, in the field below a predetermined value, it is [ engine 
rotational speed ] good to raise mpg, carrying out exhaust air bulb ****** control and stabilizing a combustion state, to 
carry out exhaust air bulb ****** control like a claim 19, to decrease pumping loss in the rotational-speed field beyond 
it, and to make it raise the rise nature (acceleration nature) of engine rotational speed. 

[0027] Moreover, it switches to exhaust air bulb ****** control at the time of knocking generating, or you may make 
it control the valve-closing timing of an exhaust air bulb to an angle-of-delay side like a claim 20. If it does in this way, 
since the temperature in a cylinder can be reduced rather than the time of exhaust air bulb ****** control at the time of 
knocking generating, generating of knocking can be suppressed. 
[0028] 

[Embodiments of the Invention] The operation form (1) of this invention is explained based on drawing 1 or drawin g 
10 below [an operation form (1)]. First, the outline composition of the whole system is explained based on drawin g 1 . 
As for the DOHC gasoline engine 1 1 which is a suction-port injection formula internal combustion engine, the power 
from a crankshaft 12 is transmitted to the inspired air flow path cam shaft 16 and the exhaust side cam shaft 17 by the 
timing chain 13 through each sprockets 14 and 15. The inspired air flow path adjustable valve timing equipment 18 of 
the hydraulic-drive formula which adjusts the rotation phase of the inspired air flow path cam shaft 16 to a crankshaft 
12 is formed in this inspired air flow path cam shaft 16, and the inspired air flow path cam angle sensor 19 which 
outputs an inspired air flow path cam angle signal to this inspired air flow path cam shaft 16 for every predetermined 
cam angle is attached in it. Moreover, the exhaust side adjustable valve timing equipment 20 of the hydraulic-drive 
formula which adjusts the rotation phase of the exhaust side cam shaft 17 to a crankshaft 12 is formed in the exhaust 
side cam shaft 17, and the exhaust side cam angle sensor 21 which outputs an exhaust side cam angle signal to this 
exhaust side cam shaft 17 for every predetermined cam angle is attached in it. On the other hand, the crank angle 
sensor 22 which outputs a crank angle signal for every predetermined crank angle is attached in the crankshaft 12. 
[0029] An engine speed calculates each output signal of these crank angle sensor 22, and the inspired air flow path / 
exhaust side cam angle sensors 19 and 21 with the frequency of the crank angle signal of the crank angle sensor 22 
while it is inputted into the engine control circuit (it is written as "ECU" below) 23 and the real valve timing of an 
inhalation-of-air bulb and an exhaust air bulb calculates it by this ECU23. Moreover, although illustration is not carried 
out, the output signal of various sensors which detects engine operation states, such as a pressure-of-induction-pipe 
force sensor, a coolant temperature sensor, and a throttle sensor, is also inputted into ECU23, and the target valve 
timing (the amount of target tooth lead angles of the inspired air flow path cam shaft 16 and the amount of target 
angles of delay of the exhaust side cam shaft 17) of an inhalation-of-air bulb and an exhaust air bulb calculates it based 
on sensor outputs various [ these ]. 



Page 5 of 9 



[0030] ECU23 controls the exhaust side hydraulic control valve 25, and carries out feedback control of the exhaust side 
adjustable valve timing equipment 20 so that the real valve timing (the amount of real angles of delay of the exhaust 
side cam shaft 17) of an exhaust air bulb may be made in agreement with the amount of target angles of delay while it 
controls the inspired air flow path hydraulic control valve 24 and carries out feedback control of the inspired air flow 
path adjustable valve timing equipment 18 so that the real valve timing (the amount of real tooth lead angles of the 
inspired air flow path cam shaft 16) of an inhalation-of-air bulb may be made in agreement with the amount of target 
tooth lead angles. 

[0031] Next, based on drawing! or drawin g! , the composition of the phase adjustable mechanism 63 of exhaust side 
adjustable valve timing equipment 20 is explained. Housing 3 1 is being bound tight and fixed to the periphery of the 
exhaust side cam shaft 17 with the bolt 32 by the sprocket 15 supported free [ rotation ]. Thereby, rotation of a 
crankshaft 12 is transmitted to a sprocket 15 and housing 31 through a timing chain 13, and a sprocket 15 and housing 
31 rotate synchronizing with a crankshaft 12. 

[0032] On the other hand, the exhaust side cam shaft 17 is supported by the cylinder head 33 and the bearing cap 34 
possible [ rotation ], and Rota 35 binds it tight in the end section of this exhaust side cam shaft 17 with a bolt 37 
through a stopper 36, and it is being fixed to it. This Rota 35 is contained free [ relative rotation in housing 31]. 
[0033] As shown in drawing 3 and drawing 4 , two or more fluid rooms 40 are formed in the interior of housing 31, 
and each fluid room 40 is divided by the blade 41 formed in the periphery section of Rota 35 at the tooth-lead-angle 
room 42 and the angle-of-delay room 43. and - the periphery section of Rota 35, and the periphery section of a blade 
41 - respectively - a seal -- a member 44 equips - having - each seal - the member 44 is energized by flat spring 45 
(refer to drawing! ) in the direction of a periphery thereby ~ the crevice between the peripheral face of Rota 35, and 
the inner skin of housing 31, and the crevice between the peripheral face of a blade 41, and the inner skin of the fluid 
room 40 ~ a seal ~ the seal is carried out by the member 44 

[0034] As shown in drawing 2 , the annular tooth-lead-angle slot 46 and the annular angle-of-delay slot 47 which were 
formed in the periphery section of the exhaust side cam shaft 17 are connected to the predetermined port of a hydraulic 
control valve 25, respectively, and when an oil pump 28 drives under the power of an engine 1 1, the oil pumped up 
from the oil pan mechanism 27 is supplied to the tooth-lead-angle slot 46 or the angle-of-delay slot 47 through a 
hydraulic control valve 25. The tooth-lead-angle oilway 48 connected to the tooth-lead-angle slot 46 is formed so that 
it may be open for free passage to the circular tooth-lead-angle oilway 49 (refer to drawin g 3 ) which penetrated the 
interior of the exhaust side cam shaft 17, and was formed in the left lateral of Rota 35, and this circular tooth-lead- 
angle oilway 49 is opening it for free passage in each tooth-lead-angle room 42. On the other hand, the angle-of-delay 
oilway 50 connected to the angle-of-delay slot 47 is formed so that it may be open for free passage to the circular 
angle-of-delay oilway 51 (refer to drawing 4 ) which penetrated the interior of the exhaust side cam shaft 17, and was 
formed in the right lateral of Rota 35, and this circular angle-of-delay oilway 51 is opening it for free passage in each 
angle-of-delay room 43. 

[0035] A hydraulic control valve 25 is a 4 port 3 position change-over valve which drives a valve element by the 
solenoid 53 and the spring 54, and is switched between the position which supplies oil pressure for the position of a 
valve element to the tooth-lead-angle room 42, the position which supplies oil pressure to the angle-of-delay room 43, 
and the position which supplies oil pressure to neither the tooth-lead-angle room 42 nor the angle-of-delay room 43. At 
the time of an energization halt of a solenoid 53, a valve element is automatically switched to the position which 
supplies oil pressure to the angle-of-delay room 43 with a spring 54, and oil pressure works in the direction which 
carries out the angle of delay of the cam shaft phase. 

[0036] Where the oil pressure more than place constant pressure is supplied to the tooth-lead-angle room 42 and the 
angle-of-delay room 43, a blade 41 is fixed with the oil pressure of the tooth-lead-angle room 42 and the angle-of- 
delay room 43, rotation of the housing 31 by rotation of a crankshaft 12 is transmitted to Rota 35 (blade 41) through 
oil, and the rotation drive of the exhaust side cam shaft 17 is carried out in one with Rota 35. During engine operation, 
it is controlling the oil pressure of the tooth-lead-angle room 42 and the angle-of-delay room 43 by the hydraulic 
control valve 25, and carrying out relative rotation of housing 31 and Rota 35 (blade 41), and it carries out adjustable 
control of the rotation phase of the exhaust side cam shaft 17 to a crankshaft 12, i.e., the phase of the valve timing of an 
exhaust air bulb to a crank angle. 

[0037] Moreover, as shown in drawin g! and drawing 4 , the stopper section 56 which regulates the relative rotation 
range of Rota 35 (blade 41 ) over housing 3 1 is formed in the both-sides section of any one blade 41 , and the maximum 
angle-of-delay phase of a cam shaft phase and the maximum tooth-lead-angle phase are regulated by this stopper 
section 56. furthermore, the lock-pin hold formed in other blades 41 - in the body material 61 which fitted into the 
inner circumference of a hole 57, the lock pin 58 for locking relative rotation with housing 31 and Rota 35 (blade 41) is 
held, and a cam shaft phase is locked in the abbreviation mid-position (middle lock phase) of the range which can be 



Page 6 of 9 

adjusted by getting into the lock hole 59 (referring to drawing 2 ) where this lock pin 58 was formed in housing 3 1 In 
addition, this middle lock phase is set as the phase suitable for starting. 

[0038] During an engine shutdown, a lock pin 58 is held with a spring 62 in a lock position. Therefore, engine starting 
is performed where a lock pin 58 is held in a lock position (middle lock phase), and the lock of a lock pin 58 is 
canceled by oil pressure after engine starting. During engine operation, a lock pin 58 is held with oil pressure in a lock 
release position, and housing 31 and Rota 35 are held at the state (state in which jamming adjustable valve timing 
control is possible) in which relative rotation is possible. In addition, although illustration is not carried out, inspired air 
flow path adjustable valve timing equipment 18 is the same composition as exhaust side adjustable valve timing 
equipment 20. 

[0039] ECU23 is performing the valve timing control program of drawing 5 memorized to built-in ROM (storage), and 
controls the valve timing of an exhaust air bulb and an inhalation-of-air bulb as follows. This program is performed for 
every predetermined time, and plays a role of valve timing control means as used in the field of a claim. Starting of this 
program computes the real valve timing of both an inhalation-of-air bulb and an exhaust air bulb at Step 101 first based 
on the output signal of the crank angle sensor 22 and the cam angle sensors 2 1 and 1 9. 

[0040] Then, the target valve-closing timing map of the exhaust air bulb which makes a parameter the engine speed NE 
shown in drawingjg and a load F is searched with Step 102, and it asks for the target valve-closing timing of the 
exhaust air bulb according to a present engine speed NE and a present load F. In addition, a load F is computed or more 
based on one of throttle opening, the pressure-of-induction-pipe force, inhalation air contents, etc. 
[0041] The target valve-closing timing map of the exhaust air bulb of drawing 6 is set up as follows. In low rotation 
and the low load field, after the tooth lead angle of the target valve-closing timing of an exhaust air bulb is carried out 
from Inhalation TDC (top dead center) to BTDC20degree-CA (before [ a top dead center ] 20degree-CA), it is set up 
so that the angle of delay may be again carried out to Inhalation TDC as a load F becomes large. In low rotation, and 
inside and a heavy load field, after the tooth lead angle of the target valve-closing timing of an exhaust air bulb is 
carried out from Inhalation TDC to ATDC30degree-CA (after [ a top dead center ] 30degree-CA), it is set up so that 
the angle of delay may be again carried out to near inhalation TDC (however, the ATDC side) as a load F becomes 
large. In addition, in the high rotation field, the target valve-closing timing of an exhaust air bulb is set to the ATDC 
side irrespective of the size of a load F. 

[0042] Next, it progresses to Step 103, the target valve-opening timing map of the inhalation-of-air bulb which makes a 
parameter the engine speed NE shown in drawing^ and a load F is searched, and it asks for the target valve-opening 
timing of the inhalation-of-air bulb according to a present engine speed NE and a present load F. 
[0043] The target valve-opening timing map of the inhalation-of-air bulb of drawing 7 is set up as follows. In low 
rotation and the low load field, the target valve-opening timing of an inhalation-of-air bulb is set as the abbreviation 
inhalation TDC. In low rotation, and inside and a heavy load field, after the angle of delay of the target valve-opening 
timing of an inhalation-of-air bulb is carried out from Inhalation TDC to ATDC30degree-CA, it is set up so that a tooth 
lead angle may be again carried out to near inhalation TDC (however, the ATDC side) as a load F becomes large. In 
addition, in the high rotation field, the target valve-opening timing of an inhalation-of-air bulb is set to the BTDC side 
irrespective of the size of a load F. 

[0044] Then, it progresses to Step 104, feedback control of the hydraulic control valve 25 of exhaust side adjustable 
valve timing equipment 20 is carried out so that the real valve-closing timing of an exhaust air bulb may be made in 
agreement with target valve-closing timing, and feedback control of the hydraulic control valve 24 of inspired air flow 
path adjustable valve timing equipment 18 is carried out so that the real valve-opening timing of an inhalation-of-air 
bulb may be made in agreement with target valve-opening timing. 

[0045] The example of control at the time of performing valve timing control of the operation gestalt (1) explained 
above is explained using drawing 8 and drawin g^ . Drawing 8 shows the example of control in case an engine 
operation state is in low rotation and a low load field (however, load field higher than the time of an idle). In this case, 
as shown in drawing_8 (a), exhaust air bulb ****** control is carried out and an exhaust air bulb is closed to timing 
earlier than Inhalation TDC. An inhalation-of-air bulb is mostly opened by Inhalation TDC. 

[0046] Thus, if an exhaust air bulb is closed to timing earlier than Inhalation TDC, the combustion gas which remains 
in a cylinder will be shut up in a cylinder, and will turn into internal-EGR gas. under the present circumstances - 
inhalation of air - a bulb - residual gas - shutting up ~ after - for a while ~ having closed ~ a state ~ maintaining - 
having ~ a sake - the former - a bulb - overlap - depending - an internal EGR ~ differing » inhalation ~ air - 
incorporation ~ depending - residual gas - temperature - a fall - it can protect - while ~ exhaust air - a bulb - 
valve closing - from - inhalation of air ~ a bulb ~ valve opening (inhalation TDC) - up to ~ a period - a cylinder ~ 
inside ~ residual gas - a piston - Therefore, even if it carries out an internal EGR (exhaust air bulb ****** control) at 
the time of low load operation, where temperature in a cylinder is made into an elevated temperature rather than the 
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conventional internal EGR, a gaseous mixture can be taken in in a cylinder, the atomization of the fuel within a 
*K ? Can bC faiSed ' and 3 combustion state can be stabilized. Even if it carries out an internal EGR (exhaust air bulb 
** control) at the time of low load operation, while being able to prevent the emission aggravation by combustion 
aggravation by this, engine vibration can be reduced, disability can be improved and, moreover, mpg can be improved 
according to the synergistic effect of the stabilization and the internal EGR of a combustion state. 
[0047] In addition, although it is made to open an inhalation-of-air bulb by the abbreviation inhalation TDC during 
exhaust air bulb ****** control, you may make it open to timing later than Inhalation TDC in this operation gestalt (1). 

[0048] Moreover, as a dotted line shows to drawing^ (a) during idle operation, an exhaust air bulb is closed by the 
abbreviation inhalation TDC. Thereby, the amount of residual gas under idle operation becomes less than the amount 
of residual gas under exhaust air bulb ****** control. During idle operation, while a combustion state can be stabilized 
by the direction with little residual gas, it can raise idle stability and can reduce the vibration at the time of an idle the 
discharge of the unburnt component at the time of an idle can also be reduced. 

[0049] Drawing^ shows the example of control in case an engine operation state is in inside and a heavy load field or 
a high rotation field. In this case, as shown in drawing 9 (a), exhaust air bulb ****** control is carried out and an 
exhaust air bulb is closed to timing later than Inhalation TDC. Moreover, an inhalation-of-air bulb is opened to timina 
later than Inhalation TDC. 6 

[0050] In exhaust air bulb ****** control, in order to compress residual gas, the part and pumping loss increase Then 
setting up the valve-closing timing of an exhaust air bulb to timing later than the abbreviation inhalation TDC or it ' 
decreasing pumping loss, and making an engine output increase, exhaust gas is re-inhaled in a cylinder from an exhaust 
air system, the amount of internal EGRs is secured, and the improvement in mpg is made to plan to a period until an 
exhaust air bulb closes from Inhalation TDC during heavy load operation with a comparatively large demand engine 
output into and, and high rotation operation. 

[0051] Moreover, although the amount of residual gas in a cylinder is made [ many ] and it is made to heighten the 
improvement effect in mpg with this operation gestalt (1) by opening an inhalation-of-air bulb after Inhalation TDC 
and lessening an inhalation air content as shown in drawing 9 when an engine operation state is in inside and a heaw 
load field Priority is given to reservation of an engine output, an inhalation-of-air bulb is opened to timing earlier than 
Inhalation TDC, the incorporation of the inhalation air into a cylinder is started as much as possible at an early stage 
and you may make it make an inhalation air content increase in a full load field among heavy load fields as shown in 
drawin g 10 . 

[0052] Moreover, with this operation gestalt (1), since it was made to change the valve timing of the exhaust air bulb 
under exhaust air bulb ****** control according to an engine speed NE and a load F While being able to prevent that 
can rationalize the amount of residual gas under exhaust air bulb ****** control, and the temperature in a cylinder 
according to operational status, the amount of residual gas becomes excessive, and exhaust air emission gets worse it 
can prevent that the temperature in a cylinder rises too much and knocking occurs. 

[0053] In addition, you may make it cooling water temperature, combustion roughness (the degree of combustion 
instability), etc. change the valve timing of the exhaust air bulb under exhaust air bulb ****** control \ other than an 
engine speed NE and a load F ]. 

[0054] Moreover, exhaust air bulb ****** control is carried out, mpg is raised, stabilizing a combustion state, and 
exhaust air bulb ****** control is carried out, pumping loss is decreased, and it may be made to make it make it 
increase an engine output at the time of acceleration at the time of a slowdown (except for the time of a fuel cut). 
[0055] The operation gestalt (2) of this invention is explained using [an operation gestalt (2)] next dra win g 11 , or 
drawing 13 . Like the above-mentioned operation gestalt (1), if exhaust air bulb ****** control is carried out using the 
phase adjustable mechanism 63, as shown in drawing 8 (a) Since the tooth lead angle also of the valve-opening timing 
of an exhaust air bulb will be carried out only for the same amount of tooth lead angles as the tooth lead angle of the 
valve-closing timing of an exhaust air bulb being carried out, As shown in drawing 8 (b), before the end stage of an 
expansion stroke is rash and combustion gas works to the last, exhaust air will be started, and the part and the 
improvement effect in mpg fall. 

[0056] Then, the working-angle adjustable mechanism 65 which carries out adjustable [ of the working angle of an 
exhaust air bulb other than the phase adjustable mechanism 63 ] is carried, only valve-closing timing is changed 
without changing most valve-opening timing of an exhaust air bulb, and it enables it to carry out exhaust air bulb 
*** control to exhaust side adjustable valve timing equipment 64 with this operation gestalt (2) as shown in 
drawing U . 

[0057] First, the composition of the working-angle adjustable mechanism 65 is explained, the oil pressure room which 
covering 66 and the cylinder part material 67 were fixed to the attaching position of the phase adjustable mechanism 63 
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of the cylinder heads 33, and the position of an opposite side with the bolt 68, and was formed in the interior of these 
coverings 66 and the cylinder part material 67 - a piston - it is divided by the member 69 at two oil pressure rooms 70 
and 71 a piston - a member 69 is attached in the point periphery of the exhaust side cam shaft 73 free [ rotation ] 
through bearing 72 - having -- the exhaust side cam shaft 73 -- a piston -- it is prepared possible [ movement to shaft 
orientations ] with the member 69 The exhaust cam 74 which carries out the opening-and-closing drive of the exhaust 
air bulb is fixed to the exhaust side cam shaft 73, and this exhaust cam 74 is formed so that profiles may differ in shaft 
orientations. And the oil pressure of the oil pressure rooms 70 and 71 is controlled by the hydraulic control valve (not 
shown), and by moving the exhaust side cam shaft 73 to shaft orientations, the profile of an exhaust cam 74 is changed 
and it carries out adjustable [ of the working angle (valve-opening period) of an exhaust air bulb ]. The alien-system 
composition is the same as the aforementioned operation gestalt (1). 

[0058] In addition to the target valve-closing timing map of the exhaust air bulb of drawing 6 , the valve timing of an 
exhaust air bulb is controlled by this operation gestalt (2) using the target valve-opening timing map of the exhaust air 
bulb which makes a parameter the engine speed NE shown in draw ing 12 , and a load F. 

[0059] The target valve-opening timing map of the exhaust air bulb of drawing 12 is set up so that the tooth lead angle 
of the target valve-opening timing of an exhaust air bulb may be carried out from BBDC20degree-CA (before [ a 
bottom dead point ] 20degree-CA) to BBDC70degree-CA as an engine speed NE and a load F become large. 
[0060] Drawing!! shows the example of control in case an engine operation state is in low rotation and a low load 
field (however, load field higher than the time of an idle). In this case, although exhaust air bulb ****** control is 
carried out and the valve-closing timing of an exhaust air bulb becomes earlier than Inhalation TDC as shown in 
drawing!! (a), the valve-opening timing of an exhaust air bulb is maintained by the almost same timing as the time of 
an idle. Thereby, as shown in drawing 13 (b), it can prevent that the end stage of an expansion stroke is rash, and can 
prevent that the effective work of combustion gas decrease, and the improvement effect in mpg can be heightened. 
[0061] With the operation gestalt (3) of a [operation gestalt (3)] this invention, the phase adjustable mechanism and the 
working-angle adjustable mechanism are prepared also in the inspired air flow path adjustable valve timing equipment 
which is not illustrated. The alien-system composition is the same as the aforementioned operation gestalt (2). 
[0062] In addition to the target valve-opening timing map of the inhalation-of-air bulb of drawing 7 , the valve timing 
of an inhalation-of-air bulb is controlled by this operation gestalt (3) using the target valve-closing timing map of the 
inhalation-of-air bulb which makes a parameter the engine speed NE shown in drawin g 14 , and a load F. 
[0063] The target valve-closing timing map of the inhalation-of-air bulb of draw ing 14 is set up so that the tooth lead 
angle of the target valve-closing timing of an inhalation-of-air bulb may be carried out from ABDC (after a bottom 
dead point) to BBDC90degree-CA (before [ a bottom dead point ] 90degree-CA) as an engine speed NE and a load F 
become small. In this case, the target valve-closing timing of an inhalation-of-air bulb is set up so that a tooth lead 
angle may be carried out from BDC to BBDC90degree-CA, and the target valve-closing timing of an inhalation-of-air 
bulb is set to the ABDC side in the full load field as a load F becomes small in the partial load field of low rotation. 
[0064] The example of control in case drawing 15 has an engine operation state in low rotation and a low load field 
(however, load field higher than the time of an idle) is shown, and drawjng!6 shows the example of control in case an 
engine operation state is in low rotation, and inside and a heavy load field (however, a full load field is removed). 
Thus, when an engine operation state is in low rotation and a partial load field, as shown in drawing 15 (a) and drawing 
16 (a), an inhalation-of-air bulb is closed to timing earlier than a bottom dead point. Thus, if an inhalation-of-air bulb is 
closed to timing earlier than a bottom dead point, an effective compression ratio can be decreased, pumping loss can be 
reduced, and mpg can be raised. In addition, even if it closes an inhalation-of-air bulb early and decreases an effective 
compression ratio during exhaust air bulb ****** control like the example of control of drawing 15 , by the 
temperature rise in a cylinder by exhaust air bulb ****** control, a combustion state can be stabilized and aggravation 
of a combustion state can be suppressed. 

[0065] Drawing Jl shows the example of control in case an engine operation state is in a full load field. In this case, an 
inhalation-of-air bulb is closed to timing later than a bottom dead point. A bottom dead point or later is filled up with 
inhalation air in a cylinder according to inertia, an inhalation air content is increased, and it enables it to secure the 
demand engine output at the time of full load running by this. 

[0066] [Operation gestalt (4)] above-mentioned each operation gestalt (1) At - (3), although exhaust air bulb ****** 
control was carried out in the gasoline engine of a suction-port injection formula, with the operation gestalt (4) of this 
invention, it is made to carry out exhaust air bulb ****** control in the cylinder-injection-of-fuel formula gasoline 
engine which injects fuel in a cylinder. 

[0067] With this operation gestalt (4), exhaust air bulb ****** control is carried out using the target valve-closing 
timing map of the exhaust air bulb which makes a parameter the engine speed NE shown in drawing 18 , and a load F. 
The target valve-closing timing map of the exhaust air bulb of draw ing 18 is set up so that the tooth lead angle of the 
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target valve-closing timing of an exhaust air bulb may be carried out to BTDC80degree-CA (before [ a top dead 
center ] 80degree-CA) as an engine speed NE and a load F become small. 

[0068] a cylinder-injection-of-fuel formula engine -- a near ignition plug -- fuel - injecting -- stratification - since a 
gaseous mixture is formed and stratification combustion is carried out, stable combustion can be carried out even if it 
makes [ more ] the amount of internal EGRs (the amount of residual gas) than a suction-port injection formula engine 
However, near inhalation TDC, in order to make a compression ratio high, the cylinder-injection-of-fuel formula 
engine is designed so that a piston upper-limit side may carry out remarkable approach on the upper surface of a 
combustion chamber. For this reason, in the internal-EGR control by the conventional bulb overlap, if the angle of 
delay of the valve-closing timing of an exhaust air bulb was carried out too much or the tooth lead angle of the valve- 
opening timing of an inhalation-of-air bulb was carried out too much, since an exhaust air bulb and an inhalation-of-air 
bulb would collide with a piston near inhalation TDC, the amount of internal EGRs was not not much able to be 
increased. 

[0069] Since exhaust air bulb ****** control is carried out in a cylinder-injection-of-fuel formula engine and the 
valve-closing timing of an exhaust air bulb was controlled by the point and this operation gestalt (4) to the tooth-lead- 
angle side rather than Inhalation TDC, even if it enlarges the amount of tooth lead angles and makes [ many ] the 
amount of residual gas, it is avoidable that an exhaust air bulb collides with a piston. For this reason, the tooth lead 
angle of the valve-closing timing of an exhaust air bulb can be carried out to BTDC80degree-CA at the maximum, hot 
residual gas can be increased, the temperature in a cylinder can be raised, flammability can be raised, and the discharge 
of an unburnt component can be reduced. 

[0070] In addition, also in a diesel power plant, you may be made to carry out exhaust air bulb ****** control. The 
compression ratio of a diesel power plant is still higher than a cylinder-injection-of-fuel formula engine, and by the 
problem of a collision of** and an exhaust air bulb, and a piston, by the conventional method, although it was not able 
to increase the amount of internal EGRs (the amount of residual gas), it becomes possible [ increasing the amount of 
residual gas and heightening the EGR effect by exhaust air bulb ****** control of this invention, ], and can reduce 
NOx and PM (particulate matter) simultaneously. 

[0071] Moreover, also in the lean burn engine which controls the air-fuel ratio of a gaseous mixture to a RIN side 
rather than theoretical air fuel ratio in a cylinder, you may be made to carry out exhaust air bulb ****** control. In this 
case, a NOx discharge can be reduced, while being able to expand the RIN limit of inflammability of a gaseous 
mixture to a RIN side in a cylinder and being able to improve the part and mpg with stabilization of the combustion 
state by exhaust air bulb ****** control. 

[0072] In [other operation gestalt] above-mentioned each operation gestalt (1) - (4), although it was made to carry out 
exhaust air bulb ****** control during low load operation, you may be made to carry out exhaust air bulb ****** 
control in partial load operation. Since there are few inhalation air contents and a residual-gas rate becomes high 
compared with the time of full load running, if exhaust air bulb ****** control is carried out, the inside of partial load 
operation can raise the temperature in a cylinder effectively, and can stabilize a combustion state. 
[0073] Moreover, exhaust air bulb ****** control is forbidden at the time of knocking generating, and exhaust air bulb 
****** control is carried out at it, or you may make it control the valve-closing timing of an exhaust air bulb to an 
angle-of-delay side. If it does in this way, since the temperature in a cylinder can be reduced rather than the time of 
exhaust air bulb ****** control at the time of knocking generating, generating of knocking can be suppressed. 
[0074] In addition, this invention forms adjustable valve timing equipment only in an exhaust side cam shaft, and may 
be made to carry out adjustable [ only of the valve timing of an exhaust air bulb ] . 
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[ if i 6 ] mis^ "Ou-r ^ 5 yywmmkte . » 
%mwfcwzimm%^)v-fmm tumzmmth z t 
*mkk-r&mim 1 5 iztmco ^mmm^^ ^vy 
*4$.y-?Mwgm. 

umm 1 7 ] mz^)vy'?4 $ yymm^mt. r 
4 \ i >i^fcwzmmm^;i-y r <nm#? -i 5 yy^m. 
xtsttuzumtt z t zmik.-t&wr$m i5x«i 

umm 1 8 ] mn>^vy?4 5 yymm^m. m 
M\2$&m%. \zm?\ it miesf^ w/$m t mm t ma 
mmwrmm tmw k*mmz-hzk*w&k^z> 
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syrmmsm.. 
i it *js 1 9 ] i5i %>V7* ?a $. vruwzmt . x 

zimt-t&m^mi stzmm^mmm^^juy 

i 2 o ] $1 N'/uy * ^ s yyvm^mt . y 

[fSHJoPSffl&IfciJI] 

[00 0 1] 
100 0 2] 

**S**ikT, flgBEGR* (»gf^J|> &ima 
[0003] 

[^^M^Lcfc^t-r-SISS] L*»U «AS5R«36« 
Lfc 0 , x y-JywmiWWok LXYyA At >jf-< tm 

* hmmmmfi^frntxtizmbixx t*v\ 
[0004] ^mmtz^o^mm^mLx^n 

tzi>cr>X'h*) , fiM*tf>BW«. fiftfiRHK^-CfcM 
«#«tf>»fl:£iH < i t F*JS5E G R (c J: S jB$»[ftj± 
0$>££f#£ -I fc #T"£ , mm, S.yy 3 y, F 

OTSJIf^y^ -f S y^M^S^gfit-rS i i: izh 

h, 

[0005] 

[ sin zrnm- h tz*b<m-n. ] sawv *)v?*-> ? 

foCDM'gtfX (l*lgPEGR#X) aWRAaE^kaS-O-^ 



[0006] i«0jS*#*L, *3£9J*>lt#JS 1 cOF*lM 

y?MM^mzj:^xmw<j\'y'cr>m#? a $ y^^es 

Zmtfrfh Z t X\ *)V~f*—rt—v y TZm^-flZfa 
g|5EGR2r||Iit-S„ *mi(DXolZ. 
A±5Ej5J: 0 *>^3M $ y^xmtiUS , ^irtlc^® 
-r^^^x^MrttcHtji^^^, |*|gffEGR#xi: 

*fc«t*ae^offljKi£T*i»<'; t^-c* « i:* 
iz, ®w^y<Dm#? 4 $yyfrhVfch±M& (x« 
mw^ycomx? a zLy?) &TCQWfi$t l zt%(*i<rm% 

tfXZt'X b yX'SM LT»B#.*<0&K£±#§-£4 

§begr (m&wrwmtmm) immtxh, mtH 
mizm&<Dft&EGR£Vi>m&iziteimx'ffito<,z 

G R fc c7)ffi*$0*t i o Xtm* [*J±T# 4 . 

[0007] ,r<7)i§^ ft^2coj:d^. aj^-msfa 

<. «e^«^j&»Sf<i5rSfc«>, ta!*<7)rtgBEGRT" 

mxmftizM^zm <oxti& z t *<r# . mmmt 

[00 08] lf*JS3t7)J; dtc. fl^^T^ 

9 a 5 yyzmwvurmRtfflffl'pvm^fozrmfi- 
9 a s.y^x*)hmAmi l zmM-t?>b&\>\ n<o.w 

?zm%^7¥-mtmw<p£ 0 fca<-r*ujr , f 
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[ooo9] m$MA cox o fc, -Bj^v^uy^-f 

[0010] fit. fiffl»]^«fllT»f»A^y#ffl tfpj 
jtfc $ tlX L & o fctf>. »58fie<OiRTB*«!3&»^4 o 

[ooin^t, mim5cr>£ oiz. ■srg.f^v-?? 

z\tzm±x*zx, tmz%i%kmz$\ftz> z t tfxz 

[0012] m»smtvmm-tmmx.y 
: J>izmmi.xi>&^ti\ m^me^>xo(z. m^n^- 

mmizmm lx i> &\,\ mm^v-ymm tmmtzi. &m 
[ooi3] *w»i. -mm&Mf-hmma 

x.y*jy ( V—y^—y^.y-Jy^-^ts) izMMLXii 

mzm70>j:oiz^ m*nzmi&mffi-&ttft 

mSi3£x.>i/>lizMm-t&*5G.LXi>R\\ ffifimM 

S^*mLTJiUM»«Si£4fc*>, «SW?-M*Bt 
^xv^yJ^kftSPEGRiSr^K 

olzmiZtiX^Z. Z<r)tztb. $&tk<7)J<)U7*—^- 
9 v Ttc J: S i*jg|5 E G R W»Ttt . W7<rm*-9 

^'SritA Lars £ , ®^tt£tfi5:Xffl%^)U-7^m 

tvituvift:* h yizm^Lx l±o fc*>. aspe gr 

[0014] **>jfi. *^^P^^r^tS(lffll 
12, m%;*Jl-7cr)m#? 4 S y7£mA±&££ 0 tit 



ZbWX'tZ. 

[ooi5] trz. m&msv&otz, i&m&Tri- 

^UJiy-jyizmm-thi 3(cLT(>j%v\ r-f — fe';u 

< . © • trx h voSggfiORBHKi 0 , ft 

*<0*aTJi, F*JgPE G RS.Zm^'t Z b ifiX'Z ^r*>o 

tzifi^ *ftw<?>%m><>i'~7'wmtfflwi l z£~?x , x-f- 

SrJSftiii:*^*, NOxtPM (tt^fljW) co[3) 
[0016] ff*«90i HMHIKMSt 

^>i<y'?-<( s.yfZmffli-hi.olzLxii&u. znx 

ft-%>&£mmimt,zj& txmjEittz z t tfxz htz 
#>. mg#xmim§>iz%-?xm^$ 7y 3 y« 
•thzt*m±x%htmz. fsrtiaK^i^Larc 
j ~,*yyifimL-th z t zm±X'$ h . 

[0017] J3UbSl^Lfc#iiWiJiK:ffi4S6^a. 

$>7mm£ffi£teftmmtzi>mmx£$>zb 

[ooi8] mMMbmmmco-m^z^tt^fi^^^ 
$yrim£ffi£tcftMwmiz*mizmmi-h 

m.w^v~7<rm&94 $yyzmwx±3z>iixiz% 

ti£*)i>MftmizMWi-&£olzLXi>&u. Z<nko 

tr-ttuf. #m^>u7com#5"( $y7frt>vmA±tt 
&£xnmmi&. mv^ytfm ttztrnzmiLx , 

[0019] i<©«^. ft*3S 1 1 CD J; d (c, »SV^ 
. *^EJfiJt*W- LT *f y e y^mfrtfrnP-t h fz 

ib. tiat&toi.z-t&zbifiX'Z zcom-s, ^ns. 
mitzm^z-ttx i> , mw^uy^m tmmz x hm®t 
^mm^z mmmnmtznz. hzb tfx- 

[002 0] ttz. \2cr>Z.o (C, T4 KyPSft 

4>wi, m%^)V7<rm#?4 s.ynmwtzjjt&iz 
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s. -e-iT. +^x>-v : >ai*&^t^4'ftMS 

f V 2r £ T X > tti £ m JD $ * Zctf 

h , © xiM.^^m^y^m t&$. x-<r>mmz , 

«fSR»3&»4>»^*ffirt(cH«ALTrtai5EGRJt*B[ 
«L. *»|6|±£EI&. 

[ 0 o 2 l ] ifc. RSvWfcfiWlffloii^rfcr^fL-m^r 
£tRA-BE* J: 9 dXfllUWfi J; -5 K LT t & 

mpti&mzi.&zit&zbx'. m&tM&&im*fo± 

0 fc tif fcBt# L , T# 5 rtf t*J^(c«ity\«9iftAS5JW> 
BXm<*£fflteLTi&A^*£tiflD£-tL xy>>>ii} 

[0022] 5€(C. lt*« 1 o tC, gfrfrftffijSjg 

LTT5&5J: "5 fc iifcfcffltcjMffllU £a*5f3»6+tcUL 

ffl?h*oizLxi>&\ l \ aufl-affirsng+tf. 

fR^N'/PT'SrTJE^J: 0 i-^^ $ yfxmtX^m 

T$3f£l*LL£-£&. £ft*5faPEiMi. 
T'SrT^iDkS^-'f 5y^T-ffltS^fcT\ T?E 

[0023] — ff^Jl 1 5£7)i a c 
(3!#;$M 5 yy^XAM^i: *) i>MftmtzfflWt&ffl 

«A-hJ&££ «9 k»aMteMiiWsm'^:73!Bit»J 
fflltS:*?t^JEi5LT« , 5^i.?.J:3tcLTi,Su <> #R 

T, *Vh*y^5:^fT, x.yiSy£J}&tmn 



Z-thi.olz-tht&W 

[0 0 24] ift&Hl 6«7)J:d(c, KMmSI 

&wzffl%rt>i,7Mmtfflm : S:mffit2>t&^. m&L 

s-hj&lt. xy>zyyw&w&% j >kxx.yi;y$tf) 
Zm&t&Xdiz-t&bfk^. 

[0025] £tz. mS^. 1 7tf0 J; 9 fc. 7>>f K;Io1Ik 
i:76«T*§S. 

[0026] SBC ff^ 1 8co J; 3 fc. 18mBME%K 

cs^t ^t WR/^^fw l»jw t mvvwm tm 

Mmtm^maTcommxn. mw^y^-m turn* 

%tiw.±.cr>®$zmi$iffit&x'iz. mmmi 9^x0 
iz. m^iuymmtmm^mmLx . ^yt-y/a* 

£-£&£olz-f&b&\,\ 

[0027] £ti. ff:£JS20cDJ: die, y -y^V^'Ife 

>*)vy<7)m#?-< s yyzmMmizmmtz £?izlx 
i>&\\ zcoXdiz-ttitf^ Sv^yyft&Mtc. Mfo 

ts sot. y •/ * yycr>mL*nm-tz>z t **t# 

[0028] 

iftw^mmcomm] imtmm < 1 > ] ot. *%bj 
commmm < 1 > iai^MHi otas-^^TKW- 

Bj-r s . ««^- h «a^rtfls«Brc* sdohc^/ 
'jyiyy'yiiii, 9J>mi2fre>0)1frhif l 94 
Sy/fi-yi 3tc«tO#xrnir /M4, 15 £ 
^•LT©^,{il^Afftl 6i:StM{II^AWl 7 ttfsjiS 
fLS ioC&oTUS. ^^©Mffll^Attl 6t(±. ? 
yy?mi 2fcW*««ffl|^A*H 6<7)HHEffiffl^p 

g^Ofttt^ixTv^,, tTt. imi*Aii7i: 
Ji. ?7y^tl 2C*M-&#^lIx?A(ftl 7^Hltefir 

§£g 2 0 it^^M^AMl 7tc«. 

fcfct, m^co^yy^nmizyyy^nm^iHi^-t^ 

?yy?1$^y^2 2im. Y )V[tfhtvz\^. 
[00 2 9] iil<9^5>'^ft-fc>^2 2at^®«ffl!l/ 
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f^i*^*yti9, 2 1 <0#tWJfI-t{is x^' 
>-$W!Ui& (KIT r ECUj tmSttt) 2 3tcA7J$ 
ft. C10ECU2 3l l Zj:-?XWW*>\s7 r tfflW^\>-7'0 

2<r>9 ^y^nm^mm^zx^x^yjym 
■h-tyy. -y YiV^y^m^^y'Jy 

ciatj zti. ztit>&m-t y-r&jjizm^ ^xww^ 

[0030] ECU23I1 mW^yco^lV-?? A 
SV/ (PRMfflO^AWl 6cO^Jt^g) ^ag&fcfcftk: 

-gc$ iz®.%mmj±fflffl# 2 4 lt «$t 

ij^m\i<r>mm.nm.) ismmnmiz-^-t^xo 
t,zwm.MW&®m#2 5 ^mmtxm%m^y^y^ 

A s yf mw.2 0 £ 7 4 - K 7®m-?& . 
[00 3 1] <«c. H2^MH7^^V^T. W^ffM 
SVUT'^ $ > 2 0 6 3 C0«j£ 

m izmm&mz^WZtitzxywy-y h 1 5t:^h3 
2T'M*MWI!5t£*lTVvI,, .IfUriD. ^7^t 
1 2CDMW?-? 4 5y/fi-yi 3£^-LTX7°D^ 
•y h 1 5 £^^V;/3 lfcrfsitSfU X7"n^y h 1 
5i:A^y>/3 l**?7>-?$d)l 2h|5|^LTIlIK-r 

[00 32]—*. iMI*A«17(l y'J^\ 7 
h' 3 3 £ U y y*^f A- v 7° 3 4 fc X 0 BUKHTffifc^ 

X h y>"?3 6 ZftLXX/l-b 3 7T'^#ftlIl^$iXT 
US. ^«0n-^3 5<i. J\*7 : Jy?3 1 rtfcffi** HJi!) 
gSKlKJfrXilTUS. 

[0 0 3 3] 03&tf@4Cijrf J:3fc:» *\Wy?3 

<fc-5Tjt^M4 2 tmnm.4 3b(,zm.mztix^&. -e 

«f^4 5 (®2#B3) (ci^TWI^fat-N-fS^ix 
T^l.. n-^3 5^ftA-)yy/ 

3 l<7)|*IiaBDi;c7)PfP H my"'<.->4 l<7^mffii»S#cS 

4 0 cOrtiSI® t cOPf ^>-;I^W4 4 T'^-;W$^T 
U&. 

[0034] 02 (C^-f J: 3 g^d^Afi 1 7(Dfh 

mmzm^titzmwMMm4 6 ta^?»4 7#>\ -e 
y\ \<^Wf]X'^^)Vi^y~T2s,fmm^ixhz.>\izx. 



0 . :*-f ivny 2 7 ^$^_Ltf'7t:^ ^*^4E§iJP# 
2 5£tf-LTJt£l?i4 6^1^«4 7lCffiif&£;h.&. Jt 
^«4 6(c^$ix^jft^gS4 8(i. Sf^ffMAWl 
7<7)F*IgBS:milL-Cn- ; ? 3 50£ffl»c^j£$ti/tH 
?Itt3t««4 9 <!23#BB) tCjIil^S J; 0 CM? 
*U >lcOR5l«««?iSS4 9*<#il^4 2tci&iLT 
US. -77. g^»4 7fc««g$^ii^fiS&5 0{i. 
#f^,W^A#i 7cOP ! 3gP2:MjiLTn-^3 5<504rffj|ffi 
tM^^/inMftils l (04#Bg) tc^ii-r 
Si3 d «OP3M«a«?i8S 5 1 ##3£ftM 
4 3(ciliILTus. 

[0035] ?fiJE$(Jffll#2 5<i. 7W4* F 53i:Xr 
•J 5 4 S 4 b 3 ffia«Bft#T* 

51^4 3WftE£tt^-r-Sfiat. il«M4 2i: 
MAM4 3cr,^-mi / Zi > -im^m^L^^iiLm.b<7)^X' 
W0iil.J;9{:=5:-jt^. VW-f K5 3c7)ji*ff 
±B#(=(i. X7'J ^54 CJ:- ) t#ft*«l4 3{C 

[0036] it^M4 2 1 mnm.4 3 {c^jeuuio?s 
E^^^n^^sTii. m&m.4 2 tmnm.4 3<o» 

£EW->4 12>mg§ixT.. ^5>-^«l 2<7)H1(k^ 
c t^^'7>''>'^•3 lcr>mmit^4)V^LXV3~9 3 5 

<^-y4 1 > (cgji^ix. u-^-3 5 t-wmzm% 

{ffl^AJttl 7^IUtelBK)$tL^ < , lyy'ylKW. it 

nm4 2 1 mnm4 3 <nikK*mEM\w# 2 5 xMm t 

X>\*7-Jyy3 liD-^35 (^->-4 1 ) i:£f82t 

®mzit&ztx\ 7?y?Mi 2t,zm-z>m%m*j>- 
mi immmm. 0^0. ^^y^^zn-thm%^ 

[00 3 7] H 3&UfH4 ^-ri-ptC, V^-ftL 

A»lo<?K-y4 lc0M«gPtc{i. ^j^V^S l(C*f 
t^n-^35 C<->4 1 ) OfflMIII»iEHSr«$iJ-r 

US. Jgfc. ffi^-i-4 l^fiSi;$#i/in-y^b 0 >JK 

=jy?3 1 ta-^3 5 (^-^4 1 ) tnmttmmz 

a >7 S Tt^D -y ^ h°>" 5 8 *>*JR^^ . ZCOXJ-y 

?t°y5 8tf;\*7iSy7-3 1(,zmft>tlf.lX3 v7K5 9 

z.m* zexpmv-yt&mi. tkmzmLtz®.mzm. 

[0038] xyi/'yffjh^i. 2(:±-5 

X > yyttlWS s O >y ^ t° y 5 8 *^*0 -y ^ fflat=«Kr s 

#ut«JB (4»Hn v ^fflffl) Xfrbtl. iyy'7» 
t-. iSBEtc J: -> T o -y ^ try 5 8 cod -y 9 tfMf&Zti 
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4. mf±X'Vv7t°y5 8tfu y 7 

s ^§§g 2 o t m tm®x'fcz> . 

[00 3 9] ECU23I1 ^LitROM (EISSE 

ft) ^iaitL/tia5wsvp7^w s^'ftjfdrrDj^A 

£ill>£. £-f. Xf 7/1 0 IT. ^^y^ft-fe^ 
2 2RV#J*ft*>V-2 1 , 1 9t0tti^lft^»-c}'V^ 

[0 04 0] lOfl Xfv/l 0 2T\ 

yy>Hl«ISN E t m^fF ICE ttz$m^)V7cr> B« 

[0041] H6<7)#fmA^<7)ag>H#;M s 

mm^^^yy-hK ©at dc (±ma) frt>mz-ix 

BTDC2 0TA (±5EAbu2 0TA) ZXmftZtltz 

^x/^xTDctx-mn^ti^xd izm^nx^ 

Kfi!^T, #^^7V7)aSM#^-f S^. ©AT 
DCKMIfATDC 3 OTA (_L5Ei£f£3 OTA) 
^T'I^$tl!tt. St>mTDC#j5 (flU ATD 

era) &Tmft2ti&£?i,z&mzixx)<^. »m 
mmmx-n. m^FtfoA#$^^-r. mw^vynn 

Wm#? A 5 AT D C ISKcKJg? ilT V . 
x^i/>ni3S^NE^^F^^y^^-^t-rStR 
l> V s V EHEjiJK N E t F fcJS ttz ®.W <)V7cr> g 
[0043] M7 cr>\&$V<J\s7c?)3mffl#? 4 S 

m?^F^A#<^-i.(^-5T, ©m^^ycoasiH^^ 

4 S ©ATD C#>£>f?lJ;tii'AT D C 3 O'CAt 

TSiAS*lfc». St/©ATDC#jfi (fflU ATDC 
M) £T3ft:fc£ftSJ:3fcf£5g£ixT^.g> < , ft. SIhUk 
«lgTi±. *^FcoA#S(c^^»-r. i^^WBl 



[0044] ^Of*. Xfyy'l 04(Cjt^. 

•& J: a C^^SP^A^:/^ 5 y?mU2 0o?foE#J 

iw# 2 5 £ 7 - hvs- - y t . m&^vy'<?)mm$- 

^OUnJ^VU:/?-* 5 1 80?ftffiSW#2 4 £ 

[0045] JJi±iKBJL^S6^ffi ( 1 ) cr»-siV794 

(MLr-^ F/l^B#J:0i>i«^m<fff«JS) ^$>s 
m^$^JWJ5:*LTV^4 0 08 (a) fc^ 

[0046] ZCOXoiZ, mW^y^XTDCXKl 
M'gtfxcOfflt&Wk&WKffltfz 

xhnm^GRtm^K). mx^^no&Mzx^m 

y^mm^^^/uycDm^ («ratdo ^Ttfois 

%.z±.%-mtz>c\ttfx'%& ims (b) . ^ 0 
x. &M$jjmmzftffiEGR (ffl^ouymmtffl 
m zmi&i-xi>. mfHmizfemwft&EGRxioh 
m&iz LtiwmxMft izm?&fn zm. <o ah& ^ t itx 
ffiftxnmi<?)mfc£ft±ZitxmMVim$:£iz.z 
-fr^^t^T^i.. ztiiz±K). (Km^ais^rtgpE 
gr (%m><>\sy$mmm) ^umlt*,. jg^M^ 

tci^xs •vyaymitzmskX'^&tmz^ x.yi?y 

mfiamngfeitt ^EGRt^mm^izx ->xm 

»$-|6]±T#-l»» 

c o 0 4 7 ] ft. ^rnrnmm ( 1 ) t«. m%^y^- 
m tmm<t> iz s «sv<^sr*«AT d c TfB#-r s i 

3KLT^4**. "RATDCJ:<9i>®V^^ 5y^T^B 
#-rSi-3tcLTt^v^ 

[0048] ^ T-f K;HlK4'{i. 18 (a) (C* 
HT^-Tidt. S^S^T'U, l^(SATDCT«$ 
ill.. Ztilzj;*), T4 HyWW6*oaff^Mtt, 

[ o o 4 9 ] 09i2. xys;^j»R«jiia««*i • mmm 
m.&m®i^®te&&®&cr>mfflmt:^Lx^2>. z 
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corns. H9(a) tzT^-txoic. §tm>w7wmtm 

SV^TB!#S<i*. 4ft. Aft/^yu. ©AT DC 

[0050] nmwrimtmwTii. msxxtE. 
yvyyfflkzm&%&x^yi?y\&ftzmaz*t%tf 

h . ©AT D c *>£>#B*A/P7>'RJ C £ 4 T^glifm . 
Mi>f>MX *flrrt(c?f ©A LT rtSPE G R*£5I 

[0051] ttz. *mm&m ( i ) H9K*rr 

fcs ©«^VL'7'$:(RATDCmf*tcgB#LT. ©A£* 

%(Vm^frZmteLX®A^$mZMta2it2>J:olz 
LXi>&^. 

[ 0 0 5 2 ] 4*:. *fiS£ffi*M ( l ) Xlt. ^y=Jy® 
mmsg. N E k ft ?t F (CJE t T #*/ MOT^cT) 
m%^)V7<r»^V-79A $ y^Sr^-ft^-tM. J; 3 iz Lfz 

&*wmmizmtxwsA\L-t&z\ki?x'% , 

[0053] j^j, X>^>-|hH£j&£NE tft^fF<7)ft!l 

txm%> <j\s7¥-m turn* <?>mw <>v <.>vy $ 4 

[0 0 54] Mi$B* («m^«y hB$£l&<) 

mmimmtx. ^y^y^m^^m^^x . xvi; 
[0055] immm < 2 > ] 01 ij^hi 
ttm ( 1 ) m ate, {4ffi^affl6 3*fflv^«f» 

W7$mt&m*98fcti> k . 08 ( a ) fc^-f 4 ? 

18 (b) K^rf 4 ^ »3BffB0D»T^ 
SW4 ot . M^#X#«f£4T1±*£fif;b3rl * 3 *> 



[0056] *9mmm < 2 > ni, h 1 1 k 

4 3 tc . »g|sr^*y^ >f $ y/gl6 4 C 

[0057] 4-f , fffflftni3aa«6 5o«fig&iKBj-r 

S. vU>-^/K3 3<7)5*>c0{5ffl^®«6 3c7)ffi 
#ffiBi:R»ffll<0{iBtCti, */N"-6 6fc^'J>-ySP« 

6 7 *W h 6 8 1 i oT@^$il. :H*A'-6 6 

ti^u y ^a5« 6 7 <7> rtat^jg* $ *uti*EEsa«. tr x 

hySB«6 9tcJ:-?T2oc7)?E&BE^7 0, 7 1 fcEBS 
iiTW^,. t*^.hyS!«6 9(i. <TUy^7 2Sr^L 
TSm{l!l^AW7 3<7)fflmftffliZ®&&mzJR*)tt» 

jjfti,zim*iMizmiL>tix^&. m%mt>j*M!7 3i,z 

ZolzBf&ZtlX^h. Lt, ?fiJE^7 0, 7 1«?fi 

ff^7SjE$ijiP# (la^-r) rsijpLT. ^flb»Ai 

7 3 2rM*TtqtC^«j^ -t^-S, i k X\ tim$J± 7 4 cDTu 

ma) trntx-bz. 

[oo58] ^mmmm < 2 > E6<o»sv^^ 

?<nK)v-r*4 $ y?*mwtz> . 

[ 0 0 5 9 ] ai 2^)|^^y«sw?^ 5 y^ 

V77I1 xv*;y|il(EjSLKNEi;ft?ffF*«^<i3r4 
(f, BBDC20*CA (T5E,*|u2 0°CA) KBBD 

c 7 0 -c a 4 xmn $ tis 4 a tts^$ tix . 

[0060] HI 3(S. xy^vaHKUtlb^filHWE, ffi 
ft^tS (flLT'f K/P«*«fc 9t>ftv**ffiffB«) (c$>?, 
«^<0iM»«^LTV^. ^cOJ*-^. 013 (a) 

)V7"cDm#74 iyy\$, ©ATDC 4 0 

mt?j ^yyizm&ztih. ztuzx*). mi 3 

( b ) t*-T4 d JT; 5« ; fTS^#ITBtsj*^4 ^> £ k 

zm±xzx. mmxco^mi±mm^-tiz k*m 
[0061] mmmm ( 3 > ] ^mcDmmmm 

( 3 ) f ti, 0^U^u©affi!l^"^N';l/7'^-f s y^*g 
V^6. -eofllKO^-rAflljSU. mi5»^S (2) t 
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[0062] *mimm < 3 ) ti±. 1170©^^^ 

y-^VUMSagN E t Mft F t 2y\°5;>< -9 b 

[0063] hi 4cr>m.w^ycosmm^^ $ >^ 

©^N'/^coagK*^^ ABD 
C (T5E.6f&) KBBDC 9 0°CA (T5E-&BU9 O'C 
A) iT")t£i£*l& £ot,zmm$tiX^&. Z\cr>m^, 

i&mWico^n.mmmxn. a^f^/j^ < 

MBBDC9 0°CA^T'jl^$it^> J; plCKjgSit. 
[ 0 0 6 4 ] H 1 5f2. iy ^'>-aHg«SI*sffi|lH6. <K 

a«f*« (fiLT-r otjev^nwRW) t*i 
[ate. «t> • «fiffih«« mL±%Mm&im< > t=*4 

ttJKf*. fiEMK. a5#ftffi««fc:*6*^ HI 5 
(a) s 116 (a) ic^f J: o lz^ ©fv^yti. T 

jB»*|*LhS-lir4 i^. 115 

LftJfflHc i £> ffrtAKJhJIfc: i. -5 T mmim : £& 

- fc *>'t-# . tmvmvmtzwz. & z t a* 

[0065] Hi Hi. xy-;yig»\ £ft<wf« 
*LTIRA£$«£«*3H2\ £JtiKfiI*Eli#<^£xy 

[0066] [hj^hi ( 4 ) ] ±m&mmBm < 1 ) 

~ ( 3 ) SAK— MWHA^y yyxyyX: 
v «mv <furmm t mm zmm Ltz # . ^nq^n 
fo&JB (4) Ttt. «rtt=«5»*pRi«-ftfifrt«it^ 

[0067] *mmm ( 4 > t*<4. h 1 8 csstf-xs/ 

#BJUM*P£2SiM-4. HI S^f^sVk7'OSgm# 
MitfBTDC80*CA (±5E^tmf8 0*CA) £T' 



[0068] fSrtRSft^xyi/Xi, j&O-jyomm 

4fc«>fc, «ATDCftiST\ t^hyiSiA^Kl 
#> > t¥$fe<9 A;P:/;t— 7 -v r {C J: -I. F*lSB E G R$U#P 

■cut* m%*iV7<rm#? 4 s >-^srs^ Larfc 0 . 
wv*)vzr<nmi94 5 v^'&itt^ Lars t , ©at 

D Cft jfiT'gf^N'^T'^PR^N'^T'^b^ h >{ZffimL 
X*%&fr->t:. 

[0069] *H]ffim® ( 4 ) T1±. |i)rtPa*f 

5^x v vviiza v vc ^p^m mm *m^x, 
fcisow-rs i 3 uot. -eoai^s^ ±1= < lts 

S>2/Sr. S^T^Ji.{aBTDC8 0*CA*t'iftft$-fr 

[0070]^, -Hf^x^s;yfc*jv^Tfc. tfm 

t>xyyyji irt«xyy>i 19 t,55t:ffiBifc 

* s « < . © • m%^)vy't t°x h xvffimnmmizj: 

W»K«koT, «®^Xfi^lMA$-ti-TEGRjJ)*^ffi 
^S-Itfr'^JIgfc&O. NOxtPM 2r 

[ 0 0 7 1 j a*, fSrtS^co^fiit^aifir^iJtJ: 
i . w^NVi/^m tmwzmm-tz £?izixi>& 

33£ft(c J: 0 . fWrt«-&«^) 'J - >«MJB8# * 'J - 

[0072] [ %<nm<?>mmw\ ±M&mmm 

( 1 ) ~ ( 4 ) ffiftWSHE^fc^^T^fflt 
[0073] y«y^y^3S*fi?(ca. mw<fr7 

mm tmwzm± lx , p^A^ygK btmi« wt-r 
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[oo74] *com, *mut. mm*2>m<n?>-iz-ss 

[01 ] ( 1 ) JStMHyXfA^ 

ffcO«lB&*tj£0 

[H2 ] mm^mm^mmmm 

[03] 02COA-AHtfp^T^-rBTffi0 
[04] 02<OB-BfgCC&o-T*-f!lTW0 

[05 ] j*)vv'?4 ^yyftmy'vYv^coymcotfdi 
[06 ] iQftjgjB ( i ) cofflw<>i>7(omwm#5"( s 

[07 ] Hitigffi ( 1 ) <7)®%J<}U7cDBW;m#? 4 s 

[08 ] hh^hb ( i ) offiiate, ^m^ate^cosuffli 
*at ( b > (i^rtffTj t ttrt*»^wt4#tt 

£^0 

[09 ] UttiBJB (Do*- ftft?f*l§*<7)$ijffilCT£ 

•tm 

[01 o] ( i ) com<mmmz$wi~t&t:tb 
[0in sorant ( 2 ) iz&w&ftmftsmmmcom 

#8Jc»riM0 

[012] H*fe^« ( 2 ) (r>mW*J\>'7(V&W:ffl#?J 



[013] < 2 ) <7)ffiip]!g. ©m^as*^] 
tt^^i-0 

[014] HSi^ffi ( 3 ) c?>®.WVl>7<r>gffim&? 4 

[015] jum^s ( 3 ) offini«. ffim^sig'ftfos'j 

[016] £treffi ( 3 ) OffilUte. * • ftm^Stetf 
<OfW«ffll*KWr4fc«><Ot><?5T. (a) JiA^:?"^ 

s >?imz*-fm. ( b > ttsrtffa kWrtflcHosE 

^#tt^*-T0 

[017] HSg^ffi ( 3 ) <rc£&ffi»K*0>*J»W£K 
Bjrt&7t#><7)*><?)T\ ( a ) \±n)V79A S WmtZ 

m 

[018] a^SfeBBSrertWMiCxv^yCjBfflLfcie* 

mm (4 ) m\%>^v7<r>^wm#9A^vy~?>v-r<?> 

1 l-XV&'V (ftjRtKm) , 1 2-^5 V^W. 1 6 

5>^B, 23-ECU(^7MSy/*!l«9# 
a ) . 2 4- -®^«&£E$IJ»K 25- -Sf^«?fiJI$IJffiI 
31- •■A->y>/ < 3 4 1-"<->-, 

4-Sfmffll^^';U7'^^f 6 5--ftffi«»r 

3gMML 6 6 7 • v-'jy^gp*f. 69-t 

*b>%m. 70, 7 1-msm. 7 3-sbrm*a 

IS. 74-DMUrA. 
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